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THE REDWOOD FOREST OF THE PAGIFIC COAST 


Hy Hexny GANNert, 
ts (eclogite! Aurtew 


Rewrood is so,cutlad lecanme of ite volor, which, whet freshly 
cut, is a bright, though not deep, oad, changing to a brown-ted 
when thoroughly sensoned. The wood da soll, with a rather 
course, stralghtgeraio, Lt is ensy to work, quite as much so ne 
ur enstern white pine, Lt contains procticnlly oo resin, but a 
large nmount of water. which tonkes the greon wood su exeeed- 
ingly heavy thot often the lower log of a tree will sink in water. 

Botanioally, the redwood (Seywort anmpereirene) is a brother of 
the bie trove (Sequnia gyuvrnten) of the Siem Nevacka, the two 
epecies bring the sole living representatives of the genus Sequait, 
It is w cousin of the cedars, which it resenibles in many respects, 
it habit and appearince,in iwrk and foliage. Dt isttiimmene 
tree, Jarger than the firof Washington, but not as lange asthe 
Hig Tree of the Sierra. If ofter attains a heivht exceeding S00 
foot nnd a lott anseter of 15 fest, It rarely brineches low, bat 
Alioet invirinkly ahows a straight, flitel trutik, perfortly evn 
mietrion!, rising with o slight taper for 20 feet to the lower 
branches, The bark is oovernl with thin fakes of epiderniis; 
lying porullel to the stem, The folinge-is dull green in eoior, 
fine and drooping. It is a mest beautiful tree, both inform 
anil colur, 

The habitat of the redwood ie poculiar, [Tt ik found only in 
a marrow strips, closely band pra i eage the Pacihie eonat, stretching from 
the southern boundary of Oregon or just across the boundary— 
for there are perhaps 1,000 peres of redwood in Oregon—sout)- 
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midttv. The species seems to require for its development m 
rutber niow adjustment of temperature and toisture conditions, 
which are oot foutid elsowhere, nid, a= rill be seen later, do not 
ht present fally midet the needs of the species, even in ite present 
lua bevtaet,, 

This is probably the densest forest on earth, as measured by 
the ammount of merchantable tiraber—that ts, of timber suitulle 
for the aaw-rmill—eontaine) par acre. Tt te nef the size of the 
trees alone which produces this, although ther are exceptionally 
lire, even in this state of larre thitis, lait itis the prent num- 
hoof trees on euch were, the cliseness of their stand, Ino red- 
wool forest the sun never shine—it is alwave twilighk You 
are, nm if were, under the roof ofa vast tomple, a roof of folhige, 
supported by great tree columns: 

Ii order to obtain a conception of the enormous stand of 
timberio the redwood strip, let me commence with some fia 
milan examples for comparison. 

Tho great pineries of the southern states contain, on an aver- 
age, about S000 feet, board mensure, of standing timber per 
acre, (Howhite pine the heaviest county in Minnesota is esti- 
mate to contain an averge of &,000 feet, while others, regarded 
as forested, contain L000 to 2,000 feet; and o tract containing 
10,000 feet per nore is regarded a heavily forested, Contrast 
theses figures with the follawing: The average stand of redwood 
api 173.000 nore in Mendooing county ts 44004) feet per note, 
There is here nearly nine times much Gober on mi acre asin 
the southern pineries; yet.even this is exceeded in Homboldt 
county. Upon 6440 acres in this county the averige stand is 
40) foet per acre, nearly seventeen times as great as in the 
southern stites.. The hunker companies around Eureka, Cnli- 
fornia, the principal center of the redwood industry, lave real- 
ized, sinew they commenomd opernitions, an average of between 
Ta.000 and (OOOO feet per aere, ad oneal these companies 
has for ten Veors tutan oversee of S410 feet per sere of real- 
woud nlone, besides fir and spruce, whieh wotild increne the 
nindunt to nearly 100,00 foot. Thesy list figures are notin any 
wir wstinates, but the actual products of the mills The dis- 
proportion iseven greater than appears here, for the standurd 
for jurber usecl in the redwood country is mach higher than in 
the east, and consequently the estimates of the amount of timber 
are correspondingly les. For instance, whereas in the east logs 
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elit inches-in diameter.are cut anid sent tothe mill, and kootty 
stulf is sawed, on the Pacific poast nothing less than 1 inches 
in (ameter is sawed, andl clear lumber oly. Tf the redwinnl 
were uded aa economicudly aa the southbrn pine, these estinites 
of its stand might easily be 50 per cant grater. ‘The forests of 
Washington tod Orewon are very heavy, but they by no jennie 
ef til the redwoudsin density. The most hoarily forested county 
in Washington, Skagit, contiins a average on its forest land of 
but 28,000 feet pir nacre, dnd In Oregon the stand is to greater. 
Of wourse, there ore in these states individunl acres, and even 
sijuire miles, which ore vastly more henvily forested ; but sm. 
also are thore inthe redwood strip, On Mad river, near Kureka, 
a luwiler company is at work in a tract of several square tolles 
which netunally cits 1F000N) feet por acre, | 

There is ou record. a single acre, near Garherville, which yhel did 
ie Che midll 1401 480 feet in lumber, There was sufficient lum- 
heron this acre to have covered it with a welid look of frame 
dwellings ten stories high, A redwoamd troo of avernge sise, say 
five foot in diatweter ot the butt. furnishes evough lomber to build 
at Ordininey oobiage, and many Lees have been ott each of which 
would auffice for linlf a down auch houses. One tree is on rec. 
ond as having sented (0500 feet, A tree wna felled in a lumber 
camp near Kureks in TS08 which was 16, feet in diameter inside 
the bark, nud which sealed over 100,000 foet,and there is stanl- 
ing in the same neighhborhoorl a tree 22 feet tn dinmoter which 
scilee nearly twice na ninth. Suchesamples of wonilerfal viel 
Hight be multiplied toagy extent, but this would mwetely in- 
volve repetition. 

The redwood strip ia composed of the weaterunast of the Cis 


panes, with the vullovs betwoen them, It ie tuorrow at the north, 


ln Del Norte conte, where it ta cok over five to atx toile in 
linniidth It widens in Tomboldt county to at ayer of 10 to 
12 miles thee south of Kel river, in the suuthern part of the 
comnty, its contingity is broken for a few miles. -At the north 
ddge of Mendocino county it commences agin, and iy the cen 
tral purt of that county attains it greatest breadth, of perhaps 
20 miles. Farther aonth, specially in Sonim county, the ned- 
woods scatter, belig found jn detached clamps and groves, which 
bevom more and more sentlering southwiord. The trees, bow- 
ever, remain a8 large as elsewhere. 

The closest acl finest growth is ion Homboldt county, near the 
northern end, That portion in Méetidociienid Soncina counties 
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ie notas heavy or coutinndus, nor are the trees as valuable for 
oven leer, se they branch lower down, ‘The wood. is, however, of 
slower growth, i4 denver and harder and perhaps more durable. 
‘The best lumber and the henviest growth is everywhere in the 
valleys and on the flint Chi the hillsides the trees are arialler 
athl not 4b close Nowhere is there any voung growth, The 
youngest trees, which ore found only in the northern portion of 
the belt, aeoseveral lund cel venrs of nen. 

When the timber has hee cut there is nosigo of roproduction 
from seed. Inqmay localities sprouts are-growing froin stumps 
in the cut areas, buteven this form of repoxluction ie lniited, 
Indeed, evurvthing appears to indicate that for some reason, 
probably a progressive drying of the cliinute, the present environ: 
tent inet faverehle to the erowth of redwood, aol thot with 
the clenring oway of the preset forests the and of the species ne 
a source of bomber will be at hanil. 

Tho ares of the redwood belt haa bean caurefally mapped, and. 
is aa henry ie cn be ostinnated, 2,000 synare miles, or 1280000 
acres. The stoned of tinker on this ares je net ao onay to ascer- 
tain, ‘Tie figures given above in this article are the lest that 
have been obtained, Twill recapitulate them with additions. 
In lel Norte county, aut of A TR) aot of rer] wise lave, 11.000 
athe are catiminte! to cunthin anoavernwe starl qf GO)000) feet. 
fn EumboelTt county, ont of an area of S00,000 sores, 96445 ones 
have an average atand of S4.000 feet with a range in different 
trucbhs frown 5 Wh Li CRIN) fuet, Those firures ate corrobn- 
rated by the result of all the cutting done in. the oighborhoad 
of Eureéke, where nearly all the limber of the county isdone: 
The companies roport an average yield of between TA, and 
100,000 feet paracre. To Mendecing county, outof a redwood 
area? HOO aeres, TTA) aores snare reported bo contain: an 
never of 44000 foot, with a range from L208) to TAAW a feet, 
In Sonoma county the thiber is zo scattering tliat the tertal 
aniiunt, which is spread Over qn sina GT some FUN) pita, in 
comparatively slivbit. 

Using the above fvtres, we obtain w= the amount of standing 
redwood the following: 
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Thel Nuria dnt cee eee ee é' Ue CO 
Hombalitt connty,.........-.. sees cee §2,000,0100,0000 
Metilocina coamly....2.2....-..--.--  -. BROOD 
Sono MUMtY, BAW... e. cee eee oa. 61 000,000,000 
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To appreciate the magnitude of these figures, it may be suid 
that the anoual cut of lnmber in all the mille of the United 
States ie about one-third of this amount. The redwood strip 
done would thereforesupply the entire country with mill timber 
for thier: ¥ Gers. 

Many etiniutesof the amount of standing redwood have bean 
made, with resulta widely at variance with one another, The 
aren of the belt has long been pretty well known, and the dis 
Orcs annie the eetininbes sent to be due toaduly tio difor- 
ene in the estimated stand péracre. The first estimate that T 
find wos mime in 188] by John Dolheer, of Huroka, who give 
23.000 million feet At otwut the same time Mr Ef, Allen, 
seoretary of the Hedwood Manufacturers’ Association of San 
Francisen, made the estimate published in the ryport of the tenth 
oonens, Which was 25825 millions Ty 1886 Mr Hubert Viecher 
published, in the report of the California State Board of Porestry, 
an estimate of SO500 millions, and in 1800 Capt, AJC Tibbetts, 
weretary of the Humboldt Lumber Manufacturers’ Association 
of Kureko, estinuited it at $7500 millon feet, | 

The are séeme to be generally agreed pon ds being from 
1,000,000 to 1.230.000 sores. The mecsnremeéntis from the last 
nian avilable, that of the State Board of Forestry, rive the 
latter fgures, IT) ie out of the question that the redwood lands 
vield, on nn average, so) little os: 20,000 to 40,000 feet per acre; 
All estimates of stand and all records of cot show yields far in 
excess of these figures; and it entiot be contended suceeefally 
that thee estimates and records relate only te selected arene far 
abovetheaverage There is, as yet, very littl seloction of tinmlver 
lands taking place, The whole territory i@ 40 heavily firested 
that it ie no wivantage to select those moat thickly clothed with 
Hrober, but rathora disalvantage. The only selection vet made 
hes been vn the soon of neorssibilitv bv atronin in mirlier thats 
nid lvoril route nat present: 7 conaidor, therefore, that the figs 
ures quieted shore, which represent 280,000 were ont of 1250,000, 
or nearly one-fourth of the entire area, together with the records 
of the entire omownt cut tn Homboldt connty, furnish w fair 
campleof thestand inthe belt, Captain Tibbetts’ estimate seems 
tothe, tinder present logging conditions, much tes high, but I have 
no reasonubly doubt that bis ameuat will eventually be cat frov 
the bell, owing to the economies to be effected in the future, 

Theannunl out by the mills, excluding other ce to which the 
wed is pul, such s# firewood, shingles, ties, posts, and poles— 
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forsnch uses are noteansiilere| in the estimate of the stand—ia 
200,000,000 fest, At the present mte of cutting. therefore, the 
supply will prokmbly Last for thie lide years 

The rate of cutting will, however, iierenee ail, ae traneports- 
tion i chenpene|, may ineresse many hondred per cent For 
instance, the completion of an isthming canal will open up the 
entire market of the eastern-satates, where redwood will inevita- 
lily replace white pite. entesing an immense lemand, Chi the 
gther hand. with the increased denmnd will cotne inorensed 
eoonomiy in the utilieation of the wood. At premunt only sal matits 
onethind Of the tree emierges from the will ae awn la her, 
Notliitig bart oleae Tumi ber is send, One mar wee Llurevtipely, wives 
of lamber yards at Eureka ond examine millions of feet of lune 
ber without fnditig a kitet or, indeed, an imperfevtion of anv 
kind. ‘Tho upper brioehed third of the trea is left in the woods: 

To felling the tree thereis much lomage done. Although pront 
care aml skill are exorcised, the fall of one of these giants, weigh 
ing scores of tons, not infroqaently splinters them: oocastormlly, 
too, a tree fally noross its fallen fellows and thua prodaces great 
iestriction. 

I the yall the andunt af lumber ia diminished, first, by the 
dlales cut from the outside of the low, and, seeond, by the saw- 
(ust ‘Whis last ie an iteniof great importance, especially wliere 
ciretilor saws wre ised, The grsit saws deel in the first cutting 
OF the loge moke a cut fiveivhths of aninehin thickness. This 
tneana that if the Loy were eut direetly into inch boards, tare 
than one-third of tie wood would be converted into sawdust: 
but thiti neteften done. The log is commonly firet cut mito 
thick planks aod leams, and these are subsequently eo, into 
amallerdimensions by emaller, thinneraurs. Moreover, in moat 
of the great mille today the first cutting. in done by band -sawe, 
which are mutch thinner, and conseynentiy convert les of the 
lie inde souls, 

There ia aie eanse of destruction fram whieh this tree is en- 
tirely exenapt—that is, fire, Containing oo piteh, lit, on the 
Uther drinil, « lorge atnenet oF water, it will wot born wher cree, 
No fire can ton ina tedwood forest. We shall, bevond reason- 
thle question, tare the de of our sopply of relwood > shall wot 
have the jain of seungit go up inamoke Iti the only one 
of ur coniferous Junmber trees which je thus exempt. 

The relwood ia entirely in private hands, having long age 
passed from government ownership. Lt is tiamly held in aol 
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tracts by agreat nomber of persons, but a few of the haniher 
companies have large holdings, Classifying the 280) 000) acres 
above spoken af by holdings, it appeats that— 


1 a quarker sceljon, 0) peres or best, there were... 0 huhdirigs 
From | section ton section (i mere] 6. kee " 


From 1 section to 4 eectiongs.........6..¢c08. cere BO 
Fron 4 sections ta 15 siactlene,. . ae cewendease 4 * 
From |® geet toa towaeip. et Pe ee Py +F 
Over a fowrilip. scene ee ers tease ensereererscce He” 


‘The lost were bracts of 80,000, 80,000, and 27,000 aeres. The 
aboveare the holdings of Jumberand mill companies, Whether 
this classitication properly represents the charter of the beld- 
ings of the entird alt id doubtful, Tt is prohable that the held- 
jig of (hose not owners of rillle or logging eatope are smaller. 

The forest is nearly pure redwood, Qocasionally spruce and 
Oregon pine—that is, red fir—are found, forming perhape 1) 
per cent of the forest only. The southern part of (he stripe isson 
the wholw, composed of older trees than the northern part, and 
the wood is denser and of leas rapid growth, In the north are 
gore tracts covered with trees not more than S00 or at) years 
old, while the age of the mature trees reaches severil hundred, 
perhaps a thousand years, The annual rings show that it the 
north, especially in damp valleys, the growth is several times as 
rapid as in the southern part of the strip. 

The methods meet in Jogging aru, in the meavin, sthvihar by Chics 
employe in the great fir forests of Washington, but with slight 

nexlifications to fit different conditions, The tie of animals, 
snch as oxen and mules, for dmgving the loge from the woods 
is over: ao aire the daya for driving loge ain streams, More 
inedern methods are universally emploved. Loder, the most 

modern methods of labor aaving are here in ive. ln orery re- 
apocta redwoml logging camp and a redwood lumber mill are 
thoroughly upto date—nay, more, they are the pioneers in laber- 
saving devices, ‘The trees are felled in this wise: ‘They are 
chappert half-way through on the side on which they are to il, 
and then the other half fa cut with the «nw, Twe duys" work af 
two men is required to fell « tree five fewt in diameter, The 
felting must be done with the atmoast accuricy, ae Lie trees atu 
a0 thickly that whet fellad they vover the ground coniplotwly, 
nid vet they must not beallowed to fill on one another, as Lbia. 
would involve wroat Joss by brecknge, 








li} EDIWOOD FORESTS OF THE PACIFIC COAST 


The felling done in the winter, the season of rains, when the 
ground is-solt, aod the trees are left lying onthe ground ontil 
late spring, when things have become drier, when the whole 
thing is set on fire, This fre burns the brush and brinches and 
much of tlie bark, bul dow uot injure the trees themselves, whinh 
ure still too wet to horn. ‘Then the work of cutting ap the trees 
wd getting the lige out beyins, The trees are aawed be hand, 
with whijsows Into logs, penerully 1 feet in length, although 
grenter lungthe are not jut roquently ent for spickil needs. The 
big logs ore aplit into halves and quarters for convenience in 
handling oad sawing; From the end of the rnilroad, for railroads 
have taken the place of streams in the transportation of lors, a 
rid te built tothe jogged aren, Thisaoay bo merely: a dirt read, 
af hanl, compact clay, kept wet anit nvuddy hy TWhigeral auplica- 
Henmaf water, pac deed in bigs on horses, or it may bea skid road, 
praved with small lows, laid erosewise wt short intervals. and like- 
Wise: leapt slippery. A force of G0 to 7a men is employed, and 
trowdonukey envines, The latter do all the work, talclug the place 
of oxen afd titles, atid toa great extent of men,in the labor of 
moving logs about to the wows and dragging then down to the 
rained 

The donkey enzine in the woods i¢ anchored by wire enables 
to stumps, nt a strategic poiot,se that in subsequent oporntions 
it. will wove the log aol not ielf. Then a wire cable, attached 
to aalrim on the engine, is carried though pulleys to the log to 
be anovel, and is atiyehed ly hooks, ao that by windig ay the 
cable dn the vrai the log is moved, to thie desir prosition- 
Often much ingenuity te requipel for the proper placing of pul- 
lews in order to biroed wee the desited result, but in all cones the 
tnachine, direated by experionond lentils, does ite work quickly 
and effectively: It is oxttonely intetesting towateli the varied 
upidorationsof a donkey engine in landing the loge and clearing 
away the waste fomhboer and mot the bemwet interesting part of i 
is the quickness and clear comprehension of the men. Theory 
is fo flies Or woise; overything in the varied operations goes on 
quietly and smoothly. If the lormnaan gives iistructions they 
tre general ones, and indetail each man kwews bis part, recog: 
nizes whet he has todo, and when todo it, Soon strain of lope, 
te 12 in number, fe on the round chained Lognther tanden 
then the cabledonkev is called Wpon, Thit-ds a stationary en- 
ihe, located at the end of the railroad, Frei its dram goes a 
wire enble along the road tip ta the slashings, just like the cable 
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ul a streetcar line, except that the enble ie on the aurinee in- 
chad of below it. This cable ie fastened to the leading Jog of 
Lie train, the engine t-storted, and the train moves railrosd- 
ward. Justin-advance of the train walks oa wan will a tocket 
with which he dips water from tubs along the roma and wet= the 
track. Anniyot at the etd of the milroad,o« thinl engine tm put 
‘oid tracks by the dae a 





to use in leading the lies an the rai 


wire cables, Here the lowanre eealed and miewedreneiis fe. 
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ed. Wieti the trait is Lome it le tiled down te thie tot 
aftal (hie lit clipped pote the water, thore to Deouniel their turn 
monies lor corer tite |e kr 

The work in the wools 13 hard, Although every devine is 
uve Lo redgee mayaal inber, thers remaina suffictent to make 
thi oneot the goel Weariig al livid ri Cw LPL TENTLA, reied Gh pe 
fall that few miencun shin the strain for anv great period, 
hie work it alee extremely dirty We tie Lloet Dre, eo tliat 
themen look like stekers, Notorally, this work commands high 
pay ith with high poy a superior class of men, both phvsrenily 
ind renially, ore obbaied. 7 look adlinuer one day ini camp 
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with shout 74 men, all splendid specimens of manhood and all 
pluck us eprom —frows, hinds, #00 olothing—frem the eliareodl 
iwowWhieh they work, bot well read, intelligent and interested bn 
the doitiys af the outside world. 

The tills of the redwod! strip are as progressive aid uj to 
date as ire the loging operating The low and the lnniber 
arn moved and handled everywhere by machinery iy the most 
complete and ipgenious manner, They nre dmiwn from the 
pond up inte the mille and are rolled on to the carriage and 
miver inte place for the saw by ingenious devices operated ley 
stent. The loge are sawed by hound sues-—a continuows band 
of steelowith teeth cut on one mige, inning over idrims alove 
aid below, This j= preferble to the oirenlar suw for two ra- 
soit: it enn saw a log of almost any size, which the boze aaw or 
AV bitition Of Lites saws eninot ile: nicl, seeaind, sine it 
can lw invade witeh thittior than the lings saw, there is lee woote 
of woud in swiltet. Dn some mille the lam gaws have tueth 
onkon ateh edge so that acut may be nimde both ae the log 
moves forward wil backwark "Whe lnanls, beans, joists, plank, 
ete. ns they come from the band sew, are distributed by roller, 
Heat workel, to the proper parts of the mill for future cutting, 
wlrile the lube anid other waste are eimilirty carried off to waste- 
lectpis, Whe deta, see Fe connie froin thie han! sni,ia edged, 
out ti mavanllar dinvensions, #te., liv swall citrular aaws, in. some 
tues hares in gnius, wo Liat sereral ube sire made at anve. 
To watoh tle wheels go round di one of these Lig ills ja moat 
Coban Ooou jvetbionn. 

Helwieul tin aliiet universal uae of the Culifurnda comet, 
Tn the construction of houses lito other tiniber iz used even as 
far south at Low Angeles and San Mnega. Dt is exqorted os: fer 
avath 8 Valparaiso, Chili, and westward to Japan aod Australian. 
Indeed, considering its cheapness, $14 pur thems foet in 
Hureka for the best, it seotne strange that it has pot found its 
waein quautity te the Athuitie tasst, Cartan it ip that before 
many vent redwood will supplant the now vanishing white 
pile in caster nirkets, | 








i CLIMATIC ARIDITY IMPENDING ON THE PACIFIC 
SLOPE? THE TESTIMONY OF THE FOREST 


Beye J. 1 Tannen 


The extension of explormtions awl observations in the region 
of euuntry west of the Rocky mountains tends in may ways 
to develop and confirm the proposition thata steadily progress 
ive-aridity isslowly replacing former tore boraid climetie Gen 
ditions. ‘This change isinunifest in various waya—most eonsyic- 
dously in the decreasing volume of water in many of the lakes 
anil streanié throughout the rarion, as shown by the existence 
of former bench lines at higher levels, anil ja the profomid die 
turbances and modifications tuking plice in the native: flor 
The phetiomena which follow the advance of aridity are not 
limited by altitude; for, while the deaert conditions at low whe 
vations exhibit them in their most intense aspect, they pre aleo 
clearly tracentle to the highest summits, where gradually dwin- 
dling glaciors and abnormally high ex tonsionso certain lowlhund 
types of forest show the general trend of the climatic change, 

In the general exhibition of inereasing aridity there are to be 
noted two important distinctions, One is dependent upon eli- 
matic effects, the other apon the fellef of a region as affecting 
the drainage, aiid ia termed soil aridity, Excellent examples 
of the latwer occur on the plains of the Columbia, where the 
great coulées vr dunkerd water channels, which traverie the plains 
in all directions, are separated by comparatively narrow blocks 
of plateno-likecountry. Thedrainage from these elevated tracts 
isextremely rapid. Asaconsequence, their summits and dlopes 
are left without sufficient sell moisture during the growing season 
to maintain a forest stoned, although the anntial prod pitation is 
high enough to make tree growth possibile, wore tlie drainage 
conditions different. Similar examples eeour in the forested 
aulhumid and bomid reions, where any large tea on which 
tomperature and precipitation are practically: the same through 
ent often shows a growth of species belongiag to the drier arome 
in the midst of the homid groupeof trees, merely bocnuse the 
angie of alope in some Jocalities favors a more rapid drvinnge 
than apon the contiguous areas, Similar effects are sometimes 
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ito say, they] 
alanhever any lutge ard, thereby favoring minute adaptations 
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produced hy excessive porosity of eoil, Loosesand and gravel 
or volennic ashes are POOF OSError of moisture, and aa 
witha it rmudiliy, both through evaporation and perodlation, Soils 
of theay sorts are nut conten, however, in these regions, whorg, 


aaa rnle, moistie retentive qualities are the predominant char- 


weloristios, Lin thie Hallow: tee diertiasion the qinentieny of sail 
eflility 4 ellininated and the effeeta of climatic aridity alone 
are countered. 

Tho variationsé of plant life whieh weounpiuiy the encrasel- 
mente of arity are diverse and often very complex. Lionuiner- 
able general molifcationa snd adapiations-oocar, mostly tend. 
ing toward o mere or les gsuecessyul reistance to the stress 
imposed iy drier climatic conditions, local peculiarities, de 
pending tt arljnoent hetehts nee depressions, spacinlize—that ia 
sec or increase the cenern! degree of ari city prev. 





or gradual transitions to mare extensive anil pronounced mutt 
Heathers 

Tn the region weet of the Rocky dmoeuttnina, the forestiaa a unlit 
iv the type of veetation which, sside frow the purely sciatic 
élenient of the flom. siffers a more profound disturbanoe of its 
eqoiliheram and is more quickly and thoroughly driven wut by 
the mlvancing aridity than any other, To the herbaceous paved 
ton leswer extent in the suffratescent form there a gradunsl 
evolution of now forms, or of entire groups of certain, types, to 
tect the changing diviroumetite. [bis doubtless. tre that many 


herbawecedts anil shiealiley epiies have gone ander in this strug. 


gle within reeent geologic times, while others are so pariaid 
eoittanod a to Warrant the aasunoption that they, too, are rap- 
ily approaching extinetiun; but, onthe other hand, there sare 
my groups posessing the power of adaptotion in a liwh de 
roe, and thraagh the slow dovelopiient of madifiontions ar by 
evolutional wit we tern species, they are esotiled for a tine 
to withetnd succestully very ailverse conditions. 

ft ia different. with the forest growth in this region. Over- 


Whelwmingly composed of cong-bearing trees, representing: com= 


portively few species, it has on extremely narrow margin for 

the evalution of Hew forms orapecie, “The fact stands out clear 

ied distivet that mvestof the types aid spocies of the order af 

conifers westof the Rocky mountaing possess the power of adup- 

tation only in w vary limited degree, Their outlving fornia are 

fow and wily vaguely definable, It is true that we eon recog. 
is 
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nize diferonees such a4 that of texture and color of wood, varia 
tidmein bark charmetoristics, or in the general port of the various 
individuals of a species upon any given aren, bot the differences 
are not such ay to ipdicute that they constitute a clefitvite: wna 
sharply determined trend in pdapivbility. They rather convey 
the hapression that they pte a series of expiriig gmap ofa t ype 
of vegetation which reached its culminating point of develope 
ment inmendoly far back in time, and is now oon the road 
toward complebe extinetion. 

The forest arent in this region whieh lave been nore closely 
examined than adv other in relation to the effects of inerensing 
aridity are the trots adjacent to and encircling the Columbin 
watershed in’ Tdahe, castern Orezon, and eastern Washington, 
We shall fiest examine the tracts lying within these limits, thence 
pussing In others elsewhere, Hot se well know, 

When the coniferous tlora of the region ia investigated it ts 
found that certain speciom have a far higher rntio ef enduranee 
to conditions of aridity than have others. This might be tuken 
to indicate a certain degree of adaptability, but the strongly 
murkel characters whieh separate the spectes wore ny tired 
ages ago, and, with the exception of onm or two spectes, clo not 
inv our region in the present age show any marked evolutionary 
Lenele rele, | 

The miner effects of the encroachment of aridity apon the 
forested arene are many, ut comparatively uniopartant, 

‘The gronter effects are contained in one gener! phase, whieh 
strikes at the very fonnilation of the species’ existance, Tt eon- 
sista in a gradual loss of roproductive power in the individual 
trees, and hence in the speries den unit, and ikumarked by two 
periote. Inithe fire we have a ermdlunl crowding back to ivr 
hurnit! tracts of such species as require a.considemble degren of 
soit and atniokphoric moisture for their growth. They are re- 
placed by others capable of enduring eubhunid or diatinetly 
semi-arid environments. Tn theseeond period we have a gradual 
crowding ont or a complete extinction of the epecie: of replace 
ment, linstened or caused in the latter, os in the former, ense by 
a loxe of reproductive vigor, and «@ final complete deforestation 
of the: particular aren and the creation of a treeless region, 

‘There are three general types of clinnitie conditions to which 
the term arid will apply. “They are semi-arid, arid, and desert. 
As here emploved, the semi-arid are regivns not necessarily de- 
forrsted, but which support a tree growth of pocullar species in 
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other loonfitie= thin in proximity to streams and lakes: the arid 
in: regions complotely deforested, away frat streams wid lokes, 
Hatin or ariheial, bot wliieh leer a ul bends relia varied flora 
of horlaoood! atid auffrutescort vegetation : the desert ane trocts 
withon! vexetation, “Thetwe firtier are abindintly ropresenited 
in thisrestan lay very inree wrens; as weshall see: The third, or 
the desert, doce not exist here: 1t is common to speak of *the 
(Hheert reions af eastern Ory,” for exainyple, but the fact is 
that in He place bios aridity reached ite third nod last stave. 
When berbaeaime venetatiint if iheeit, as on certain alkali flata 
east ol Stolis INDWNINe, OF Un lriftiene ahi dinnes along the 
Culutilia acd on thy ploing of eastern Washington and torth- 
mater Orage, It it due to loca) acil conditions, nol to dbeence 
OF suithierent jirocipitntion, 

To faciithte a more detailed oxntitnation of the turbos forest 
conditions, as mnditied by intrenstiy aridity, the region tider 
consideration will bedivided into certuin clugsesordones: These 
mmal distinctions have referency solely to the amount of pre 
cipitatinn which each class receives without regard to altitudinal 
limitations, arn) will be designated arid, somb-arid, sublianids 
nd Lavell epee, 


THE HEGIONS OF ARIDETY 


The regions of greatest arhdity north of the 42d parallel of lati- 
tile hetween the Iocky mountains ar the & wscuudest are finned : 
in Idaho, on the Snake Riter plains; in ester Oregon, on the 
Pintenn tots hetwoun the Snake and the Owvliee tivers on the 
one haa and tha Sterns meonntning on the other: i the revtion 
houndel by Creoked river ond Malheur lakes and river on the 
north, Stems pountaies on the east nod the northern larceny 
of Nevada on the south, and jn the Desehutes depression he 
tween the Blue mountains and the Casendes in enatern Wash- 
ington, north of the Siske and eat and south af the Colina hia 
riven. 

The aridity whieh prevails upon these areas is of various de 
grees of intenwity, de purtul diye tore or less iipon lotal eouditivns 
chviel thie jiroxdiniity of distanoy of humid, suowy motintaiy mies, 
[ti casters Waahington the dricat section i situnted at the enst- 
er Iman of the Cascades, and extends eastward somite OO or TO 
miles; crdually merzing inte uniform semi-arid and sublumid 
conditions a the moisturecondensing Hitter Root ranges are 
approached, In eastern Oregon the most grid tracts are found 
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to the west of the Owyhes, extending ino westerly and) orth 
erly direction 100 to 120nniles. In eastern Washington tiie Cine 
cole ringd evidently contributes largely to the aridity which 
existe on its east slope, and is therefore a local factor: bhutan 
eastern Oregon the most arid tracts lie at o distaney of Wie) 
ihiles ar more east from the Cuscudes, and owe their origin tw 
the intercoption of the moisture-laden westerly aml aunthwest- 
etly winds hy the Sierra Nevada,and i a lessercdesree by other 
interinedinie ranges. Ltrespective of local conditions, however, 
it can be stated a a gineral propoyition, borne out by observed 
faets, that the crest of the alvaicing wave of aridity i the tn- 
termiontane region of southern Tnho, exetern Oregon, and onst- 
ert) Washington is travelitiy from the southenst toward the north 
avd northwest. The tracts termed arid bear no forests, It 18 
true that narrow fringes of trees skirt ony of the rivers or croeks 
which ‘ennder through these areas, bit the growth ia trade puis 
sible only by the hamid or subbumid soil conditions due ta 
proximity of streams, and cease at short distanees from their 
banks. 

Looking backward in time, there are abundant proofs thot 
many of the now treeless tracts once Lore a forest covering. 
Siticifhad woud i+ found in thousands of lvenlities in thie region 
where no tre acowth da now posible, owing to iisuftioient pre 
ejpltation, and ita ocourrence on the sorfaes of theese phains, mot 
as tratdporied inaterial, but in place, argues Mm faver of the hy- 
pothesis that the extinelion of thts forest growth does not diate 
back ao very many centuries. The foes wool, Where it occur 
ot the treeless areas, ia found resting directiy an the ible 
rocks, diidieating thot st Michermt tine hae tert assed sinew the 
forest grew there to change the surface in any poreeptible tle- 
gree. The fnesil woods referred to conpint of remains of oak and 
probably of plies and junipors, snd if notwhelly identioal with 
spines think iene exint in the adjacent regions ute very closely 
related, ‘Thereare also maty localities on thee arid tract where 
are fount {oasil plants of Tertiary age tmbedded in rock, deeply 
covered With basalt, but they belong toa portod when spocifie- 
ally cistinet climatic conditions, ae comparat with those of our 
age, prewniled th the region, nnd are not here considered. "The 
aread classed og nrid exist in many loqalities in this mtermon- 
tune region: Tho mostextensive linvenirauly heen rievttacer! 5 beat, 
favored by joeal couditions, miuny small lobes from thenain howdy 
of aridity streteh out on all sides Thut they should penetrate 
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inte the wreae we term setui-arid is to be expected, as they are 
but astep removed, hat it is rather surprising to find then mn 
the midat of subhumid conditions; vet such is exactly the 
ease, Alone the eastern base of the € ‘weeiides timny of the south 
and onst-Mmeiiy sloped are distinetly arid, though surrounded bry 
and odjoining decidedly subhamid regions; Similarconditions 
Are encountercn on the east, south, aod west clopes of tho Powiler 
River mountsins,on the platewu uress between the Clearwater sind 
the Salmon rivers, in Idaho, and even inseattored localities north 
of the Snake, among the terminations af the western spurs of the 
Bitter Hoots, Crosaing the Bitter Roots and entering the Iain 
nud plateaus on the west slope of the main minge of the Rocky 
Mouitains, We ones more meek these extensions of arid oon- 
ditlons projecting inte the subhumnid regione, They sre very 
well marked in the revion of the Blackfoot. basins, where thoy 
ors the toni tinge and connect with the arid upper Miseour 
plains through the voniparatively low passes at the head of the 
Blickfoot trikataries: thence stretching westward, they cover 
large oreas of the Clark fork of the Colambin basin, and follow- 
ing the valley of this stream approach to within 69 or 70 miles 
of thy cnatern Washington plains, tn the Clark fork watemhed 
these arid extensions are taually bordered iy a margin of aemi- 
aridite—theit jetimbira, us it were—but in Hany places they 
join and exist in the imidet of the fulihiimid tiobered troote 
without any semicarhi imnaitions, The entises which operate 
to bring emul these apparently erratic ond sporadic advances of 
arid conditions ate not very cliar, Where they oocor tn prox- 
imity te the general body af aridity their presenen i easily ex- 
plained, but we find such tracts covered with herbaceous and 
shrabby veretation peculiar to very arid regions in the midst 
af a forest of yellow pine, oroven higher, where the elevation 
hordurs on the subalpine. ‘These ioluted sputs might be com- 
pared to eparks wafted far in advance of a coming conflagration, 
wach one conetitoling « nueleas for the further spread of its own 
peculiar con ithorns. | 
The altitnds of the arid tracts varies considernhly. At the 
juvetion of Suake and Columbia rivers it amounts to les than 
150 feet above sen-lovel, Oo the southeastern Oregon platean 
it rises to folly 6.000 fool on the slopes of various ranges, such 
ns Steins mountains, the ranges to the east.of Warner lake, and 
on unnamed heights butween the Panlinas and Malheur lake. 
Farther north we find the arid tracts at elevations varying from 
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G00 feet to 6,000 feet on themaster Washington plaine aud from 
4,000 feot to 5,000 fest in the texions between the Bitter Roots 
and the mam crest of the Rocky motiitalins 


THY REGIONS GF BEMI-AMLDETY 


From the arid regione we outer llioase termed semiarid. We 
meet here a forest vrowth. It is one which throughout these 
regiuns ia strictly typlenl of semi-arid onvirouiioite. As it comes 
most closely in contact with the hivhesxt degrees of aridity aid 
hae to bene the full foree of the ultimate and permanent defor 
esting provesses, its-condition and dapect heswme douwhiy tvter 
eating. This forest growth ia wholly composed of jonipers 
belonging to the following species: 

ere neers, Chteemetfedd juniper. 
Jimi oocniiiioia, Weatern juniper, 
Spiers scoparia, Maietalis jritrtger, 


They occur in the varios seintarid districté as follows: West 
ern juniper, in eastern Orvon and probably on the Snake iver 
fining; mountain juniper, on the arene lretween the Hocky and 
Bitter Reot mountains, thence extending inte the eastern Wash 
ington plains; oneseaded janiper, an the Sooke Hiver plains 
and along the hills borlering thts river valley nearly to ite con 
fluence with the Clearwater, 

The western juniperis the nvost abundant af these species and 
forma true forests, [toecure as close atl alaolutely pure staid 
inimunv localities, The tast exteigive ure found til rook md 
Waseu counties, ln Oregon, where it cuvers arene of over 100 
sep lire niles, With netand twioe as heavy pet Lhe corel biiairy ebeiil cl 
yellow ping in Oregon ned Washington, Outide of these large 
traets the species oogurs inemall groves wr q2eregates; wr as seit. 
tered individuals, throughout most of the plains reavion of east 
ern Gregon. These janiper forests extubit dlearky Cho seed 
period of the general phase of progressive extinetion, that of 
deficient reproductive capmeity. 

‘The western juniper reaches large dimensions on the eastern 
Oregon plains, Ladividuals cect with bas! diameters tps te six 
feet, Tt is a species of slow growth, centuries being required to 
preines such lurge trees as just outed. Ii examining the sland, 
one is struck liy the ereal prepotidermiow of oll trie, the oom 
peemativoly anal jerooritige of youtig, wind the trarked deficienney 
of seadling or sapling growth. Let is notitenble that tie older 
trees produce enormous quantities of palbuls—jonipor herrtes— 
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baton examination one finds that most of them contain only 
shorted sewla Round about the trees thé groned is thickly 
strewn with berries, but the lack of sevdlings proves how few of 
the deeds pioteess cerininaing power and indicate: that the gen- 
eral cliuntic conditions are wot favorable to seed germination, 
In many localities extensive barns are fol. ‘They have rey- 
uged the edges of the foreet= or plowed wile swaths through what 


ence were very dense and whilorm stands. Some of these burns 


are very old, the stumpa indicating that perhape a century or 
miore bins pastinl since the fire. Chhere are conparatively re- 
cent Reforestution does not take place on the biried-orer anes, 
They boceme a part of the adjacent, ori, trevless tracts, "Laces 
oceor in the midst of heavy stands entirely devonl of trees and 
stumps Itis probable that they represent extreniely ancient 
burtis. showing that reforestation fn the juniper growth fs prac 
tically oonsed on prvas contignens to the main body of aridity. 
Lt is not alone when fire bas swept the juniper forest out of ex- 
Istenee that one netices w lack of reforestation, [t is olen tobe 
so od jacent to settloments Where the srowth hae beencut clean 
for domestic ieee, and the gemitiimber of detached groves anid 
seattere individuals dispersal over the plalus are arguments in 
the same general line. Lt is, of eourre. linposiile to ey with 
dhaolute certainty thatiall these outlying eroupe are parte ol a 
uniform juniper forest, which once extended over the entire 
vloins revions of eastern Oregon, vet from asinlogy We wre jisti- 
fied in coticluding that such ia the fact. The fires aid cinoet 
hutian agencies which are cutting tote the larger bodies of for- 
estut the present time produce just such detached groves anil 
seattore:| individuals, nod thegapagive every promise at romain 
Ing permanently deforestod. 

The forest of western junipor exten ap ‘te the eulhumid 
areas, Where it teeta the weslert Fellow pine. Tf aren goes bee 
yond astriet Tine of demarcation aml penetrates several eile 
inte the yellow-pine arent [thos heen netiowd that in mary 
places the juniper prodgeess ati abundance of folly developed 
seeds and i plentiful supply of reediinpe where it comes in con 
tactwith thesubhumid regions Suchwould bea natural result 
ef the more favorable moisture conditions prevalent there, 

Acoowpanying the front of the semi-arid wave, cones m tree 
which, in thes» regions, can endure neither the same hish degree 
af aridity us the juniper nor ao great a humility as the yellow 
pine, This is the mountain mahogany, Cenenenrpae lodifidine, 
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which therefore furnishes an excellent indication of the linvits 
of the quad semiarid and lower subhumid conditions whieh 
mark the front of the seni-arid advanee anil the rear of the auh- 
huniid retrent. The mountain moalogaoy ooeurs, therefure, in 
numerous locklitios all along the edge of this debatable grown 
and mingles not alone will) the vellow pine. bot in mandy in- 
atanies alee with the lodgepole pine, ascending to elevations of 
TUN feet. 

Crossing from the qustery Oregon plains to those of the Sanke, 
in senthern Idaho, we find a growth of the onesestel juniper, 
Hiuprre monaepem. Comparmtiyely little te known of the 
growth and divteibation af the junipers aw the Snuke Hirer 
plains, Wut this spectes is ove which prevally largely on the arid. 
regions in Utah, acd shanld, poerhips, tye trepeare dell ae ling 
pushed toward the marth through thestress of inereesing aridity 
furthersouth., Coming inte the interior Rocky Mountalu reyien, 
we meet a joniper iineh resembling the Virgitiin juniper or fed 
edcdur of theenst: Ih ie the specich homed inountain juniper, 
Jiperne econilorum, a anon) tree or shrab. Th oconpies more 
or less clovely the semi-arid regions on the west slope of the 
range, (doubtless extending across to the eastern declivities along 
the lines of semi-ariditye. ‘This juniper can endure a greater 
degree of humidity than the other two species mentinnel, So 
far as it has come under avy observation, it reproduces ftenlf 
freely. Tt hins net vel encounters) a strees of ark conditions 
exeaive enough to lower ite seed-prodocing capacity hevond 
the balance point. It extends along various of the mouwitaln 
atrenimns into the plating of dastorn Washington, wstinlly keopine 
clowe to the streame, Tt does not spread inte the open plateau 
region Of this state to any ooticealle extent, indicnting that the 
eemi-nridity af the interior Rooky Mountain basins, where the 
trea grows on hillsides and in valleys alike, is not -ao intensive. 
néon the open plains of eastern W ashington. 


THE STRBHUMID IN0tONS 


Adjoining the region of semi-aridity lie the subhunid belia 
Four species of conifers are of commen occurrence here, They 
are: Western yellow pine, Pine pondersaa: tod fle, Paendoteuge 
mucronelir > lodgepole pine, Pinna inurrayenn, and great silver 
fir, Abies grindie. Their endurance of dry seil and climatic con- 
ditions is in the order named, the yellow pine ranking highest 
and the great silver fir lowest in the seale. 
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‘The western sellow pine oceurs generally throughout the en- 
tire subhumid area in this regia In course of time it has 
slwoceeled ju establishing a high degree of adaptability to the 
desiteating climatio changes, and it therefore fornis the extreme 
rear of the coniferous growth In the subliurnid belt, receiving: 
the full foreeof the oncoming semisaridity. While the tree thus 
showsite dronght-resisting power, itis erroneous to. suppose that 
it has reached a stage of adaptation where it ubsolutely requires 
dry regions forite development, The heaviest stands of western 
yellow pine that live comeunder my notice, varying fron oO) 
to 61,000 feet B. M. per aere, oouurin small patches in the Selway 
basit of the Hitter Root forest reserve, where the precipitation 
probably de pot less than FU or SO inches per annum, Where 
the species ix found under such conditions, i 18 fnir to assume 
thatit represents the more anelent form, capable of enduring 
nore humid ot¢ironments than the forms which now make up 
the bulk of the species in these regions. Aga rule, however, the 
tree deenpies the lower areas of the subhumid regions, anid ts 
tioatiy of open or senttered growth, 

Coming now to the effects of sami-aridity upon the growth of 
this species, we may observe that as a rule it has not progressed 
far enough to seriously affect its reproductive capacity over any 
very large aren. We find, however, where the species horders 
the seiuii-arid tracts of greatest intensity or where here all there 
long narrow tongues, lobes, or thin lines of it project several 
mies from the tnain body of growth inte them, that in such 
loonlitie: the reproductive capacity of the tree is excemlingly 
litnited or altogether wanting. lo other places, expecially. in 
easter Oregon, Where a few sonal) proves or eingle trees are found 
rowing sone isalated eminence cotirely ont off from all direct 
connection with the species clawwhere, the same condition is 
notiotnkle:; and, precisely as is the case with the western juni- 
per, the ovules are generally unfertilized, or, if fertilized, mnet 
af them abort, and those that are fertile and develop inte perivet 
sede fail to germinate, In consequence, eninge are fare or 
altegether lacking fa euch localities. One of the phenonmens 
noticvable in this species, when much exposed to the desicent- 
ing influences provesding from coutigugue arid trots, is m te 
markable dwindling im its cote Qimensions. Normally, i thse 
revions, the mature cones are from three to four inches in length; 
but where the specie occur in proximity to the defurested areas 
on the eastern Oregon plains the comes are frequently not more 


—————— ——— el en ee — 





170. TAREATENED ARIDITY ON THE PACIFIC SLOPE 


than one and a half to two inches in length. A mest eonspic- 
Lou exanpleol thit phenomenon are the yellow-pine forests an 
the twrthern slopes of the Paulina mountuins, where thousands 
of individuals bear coned bita trifle longer than those of the 
loipepole pine, and the cone dimensiousof the entire growth are 
for bolow the normal, As this tract of forest ia separated only 
by a Hurrow strip of seni-aridity fron areas of intense aridity, it 
ik naturally ander o high stress of the latter condition of climate, 
unl the inference is fully warranted! that the decrease in cone: 
dimensions isa forerunner to general sterility inthe species upon 
Lb vdesins peeurtie lier we . 

Gofog further northward there are eee thousands of localities 
throuvhout the vellow- pine srteas which aneabsoliately defarested 
of contain afew, vervold, lomeindividuals, Someof these tracts 
consist of south-folne billdides, which reoel¥e the full forte of 
the dasicvating rave of the aun. If they, in nddition, possess a 
high angle of slope, cndsing too mipid driinnge, soll aridity is 
likely to result, with consequent defurvstation, But many bare 
trate exist when soil aridity ig nota fietor, and the inftuence 
which prevents the spread of the anljnoent forest into such aren 
ust be climatic, so far ps can be determined, 

The nilihidle anal Upper portions of the subhumid belts carry, 
ii wehlition to, the vellow pine, the other species enumerated, 
Two of them exhibit clear tre of yielding to the effyets of 
seuii-oridity, Thevare the great silver Grand the read fir, The 
fornier is exoeddingly deficient in cone production, but vields a 
high jierceritage of seeds with gorminntiiy power: the latter is 
fo free cone jiroducer, but misatines ai ineinitemtit proportion of 
ite ovules Da this respwet it note exactly similarly to the west- 
arnjuniper, ‘The greot silver fir possesses stiall powers of alapt- 
ability. Un the western spurs of the [Hitter Moots it hae devel- 
oped a type of trod low, small in diameter, soft and sappy in tts 
windl, short-lived, and with extremely scanty cone production, 
This form takes « lower place inthe subhumid gane—that is to 
aay, cearey to the line of suni- sridity—thian does the: larger and 
more fruittil typo. Phe cluptalility of the red fir ivof a much 
highertypethautheforeveing, Notwithstuuling ttaileficientsaad 
production, there 3 no evidenee thatit not maininining the in- 
tirity of it stands throughout ourregon, tis notoonfined to 
aubhuniiid sens oxelusively, thriving aud developing its largest 
dimensions iioextremely huwid situations: of the west slope 
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of the Coteule; but in the region under consideration it be 
longs to the aubbhumid ares, died, ot before reniarked, it ls here 
delicient in seed proluction, A factor enters here to be consid- 
ered Inter. This-i4 teinperatire conditions. It iasevident that 
unless a certain ratio of increase in the niean annual tempera- 
ture accompanies the aridity, there is a limitof tolerance beyond 
whieh certain epecies cannot be forced, When this lint is 
reached the species must succumb, and this is probably the 
reason Why the rod fir does not push far inte the unin areas 
In these ree rotis. 

The lodgepole pine possesses the highest power of adaptability 
among the eobhundied eroupeof trees Thranges from the hamid 
down throuvh the subhuid and well inte the lower edge of the 
eetni-arid belts, While not a plentiful producer of prorieoted 
sends, nidet a! the ovulis aborting, it amply mikea up for this 
deficieney by ite nultitude of cones and the early age ot which 
it begins to produce them. If the present vigor of the spoctes 
continies, it promise to become the dominant one on wll sh 
homid and lngmid areas in our region, bn the sabhumid forests 
of eastern Oregon, along the lower slopes of the Cnecades, three 
evdcied enter which are lacking farther north They are: 


thier comontor, White fir; 
Jiborrdeue deeurrcd, Dyce onda 
Mu hominis, Sagar pms. 


The white fir, perhaps not specifically cdistinet [rom the great 
silver fir, ocoupies the samegeneral place in the aubhumid group 
of troes on the more southern areas that the latter doe on the 
nurthern, We tight aven suppore that the great cilver (iris o 
melifiertion of the white tir evelved to méet changing tempers- 
ture ard humidity conditions Itde evident from the relative 
position whinh the white fir oveu pies that its limite of endurance 
to inertaged temperitures and lower humidity are far higher than 
those of the werent silver fir 

The incense cedar and stignr pine come inte the riddle areas 
of thesnubhumid belts. Their distribution or retreat northward, 
orinte the humid areas, is lenited by temperature considera- 
tions. As they show no adaptability to meet them, their exten- 
sion porthwarl is precluded and their extinetion will be rapiil, 
compared with other species inthis region, ‘The sugar pine isa 
free cone and aeed producer, while the inemuse cerar upyweire to 
be deficient [iy this tespwnt, 
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From thesubhumid tracts we come to the humid aties, These 
are chielly limited to the mountain regions, When they extend 
inte the plains or inte areas of lwer homidity, they do saonly 
in the bottoms or on the northern slopes of deep canyons or the 
northern slopes of ridpes On theother hand, it @ everywhere 
Hiticoahle that the subhamid ureie sem lone, strony lobes and 
getensions into the himid tracts, carrying their ohanicteristio 
trans with them and indicating the coming saceidanow of drier 
climatin conditions, 

The trees which compose the foreate in this zone group thenm- 
selves into three divisions, according to their altitudinal range. 
The first group, ocenpying the higher elevations, contains the 
following spectes ; 

Fuori’ tyetlid, Larall Jarek; 
Pinne rilficndie, White-Larl prima ; 
Taga pediondi, Mountaln henploke, 


The second group contains species which niast tenerally od- 
eupy are at the lomest elevations in the zone, They are: 
Theujsa pllonta, Pacl fe wrher-witee : 
farrie eccidrufalie, Wystern larch ; 
Haga yericmeinna, Western temlotk ; 
Pini moutionla, Mountaly white plie 


The third croup conthins apecies which rmniage indiseriminitel y 
from the opper to the lower areas of the lmmid zone and are as 
follows: 

Aides iiaionareen, Alpine fir; 
Pomme, Engelmann eprace ; 
Jiu ancrropi, lodgepole pire, 


(MW the species included iu thie group, the Alpine fir possess 
the tenet power of aciptability, the lodgepole pine the highest. 
In addition to the species enumerated, there are the following. 
whose behavior as to altitudinal extensions and limitations are 
not very thoroughly known, They are: 
Hivleeondrus decurrene, Ticdiiee obdar; 
Chommurcypuris padtkoicuis, Yellow enue 7 
Alfie vencbilia, Anna tilis fhe: 
Abilee uohifie, Molle fir; 
Alter puairaia, Shaeta fir; 
Pinus terilia, Limhier pine; 
Pine fobertione, Sagar ple. 
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With the exception of the linther pine, most of these =pecies 
are, in these regiotia, confine! to the Carrades, aed do not extend 
very far from the high, upper slopes of the mie Only the 
digar pine aol Ticende delir come into comtast with regions af 
stthhonmialitey, 

I have aleenily noted thal strong and brond projections from 
the subhumiid arene push fir into the hatwid belts: Thisis 
mit marked along deeply wroded valleys, where high aucomer 
temperitures prevail, Not only dethe subhumid conditions 
hocome conspienons in the h otic bebte alone soch lines, but one 
meets cccavionnily spoteof trae aridity in their midst, Such 
loonlities present the anomalous spectacle of purtnanenthy cde. 
forested nreas4iipporting species of aridsee and other herbwecous 
jilatite peculiar ty the arid plains at sti lonbyaieve stltitiidew, ail in 

reins where tlie situation seemingly should tisure an abun 
dance of precipitation, Excellent exutiples of these phases ire 
aeets ii the Bitter Root forest reservn in Lilaho. This region lies 
withlino ores of sulli¢initly heavy precipitation to bo generaily 
classed ax liumid above the 5,000-feet level; but arid anid sub- 
hitid conditions have extended wp the Clearwater and Salmon 
river valleys, in placea reaching the jonin range, and overlonpe 
ing this barrier have joined the arid regions of the interior Hotky 
mouninin bins, “SThesubhumid and sermi-arid conditions have 
epreul upward from the valley bottoms along the mouttain 
slopes to elevations of (000 feet bo TQ0 feel, carrylay their poo 
culiar shrubs and trees with thom. We cannot account for the 
jHrmaAnency of these aril ane serni-arid extensions, except by 
ndoptine the proposition that a progressive Hininition of the 
nurerutisal precipitation i ia now tn established general climatic 
feature in this region. 

Coexistenut with the advanee of drier climatic conditions into 
the humid arene we find ss already noted, many of the trees 
and shrubs of the aomi-arid’ ane eubhutidd traits, while the 
entire forest, has been profoundly disturbed ja ite ou liibrium, 
Among the shribe of the arid and seni-arid regions which have 
thas penetrated fito the humic ares nay he menthoued (reo. 
ernr pile herdi fala aa, Nuvian bidentola, Aviemiaioa tredendiute, Artemia 
arimacila, aid) one or two species of Forsel losin. These ahrale 
abdindon the arid regions of the plains, to whieh they properly 
belong, They are found following the subhumid areas inte the 
hurled onex io the Bitter Roots;in the Rocky mountains; and in 
the Cusondes, Their presenco owl distribution hare proves n= 
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mistakably progressive semi-aridity into the subhumid tmoeta, 
subhumid extensions into the hmmid arene. 

In the semi-arid belt we noted the occurrence of detached 
ausregatid and scotterad individuals of ite forest growth sepa- 
rated from the main body by deformted lanes and wide #tretehes, 
They were taken to represent the effects of a praduil invasion of 
the ndjieent arid conditions, creating a sort of fringe or frayed 
dye of timber growth slong the edoe of the forest. If sur ideas 
of progressively drier conditions extending thiwughott the dif- 
ferent belts of humidity are in accordance with fact, we lave a 
right toexpect analogous phenomena in the humid and «ub- 
humid oress. That is exactly what we find, butthey differ from 
these which exist in the arid and semi-arid region in this wag : 
that the edge of the advancing semi-aridity into the subhumid 
tracts acd the front of the sublitimidity where it penetrates into 
the homid areas are not typically marked by deforested open- 
ings. Instead, they present detached grouyia of thespecies which 
belong to the upper and more humid tracts of each of the zones, 
etilirely surrounded by heavy bodles of the kinds whieh belong 
to the lower gones and whieh are capmble of withstanding proater 
drvriess. 

Tn examining the phenemeni of forest growth in the humid 
arens; a3 changed or in process of modification by the shifting 
climatic conditions, we can find noldocalities within these regions 
that present the various phases so clearly and indisputably aa 
does the west elope of the Bitter Hoot mountains. This area 
is truly a debatable ground. [ts forest growth ts <ubject to great 
and extelisive stress—on the east from the arid conditions of the 
Roky Mountain regions, on the weat from those which prevail 
on the tredless plains of the Columbia Hiver plateau, It is 
Hite, furrowed, atid erased in various places hy extensions 
from theee two erent tracts. At the sanie time it contalns very 
large arene of extremely humid slopes, where the drying éffeets 
of the changing climate are aa vebscarcely felt, ifatall. These 
comilitions provide numerous transition grounds forthe study of 
the forest modifications. 

Beginning with the group of summit trees, as they might be 
ealled, we have three specks whichare in the Pacific northwest 
trie timber-line trees. Nowhere, however. in the Bitter Rents 
do thew spevies form « tiober-line tone, for no peak in the 
range ls high enough to reneh iL As sunintte exist 10150 feat 
in height shove son-lovel, it follows thot the shaolute Hmber-line 
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id here phenomenally high—a significant fret in) conmeotion with 
the wide extensions Of subhumid and semi-arid conditions into 
the interior of thia rage, ond «possible conse ynent rise of tle 
moan hint! tenperdtire, The oleenoe of nm timber line eve 
it the highest poke was noted and commented apon iy the 
VITIOUS jurdesenpiged in the first sorreys for a northern trans 
continental railroad route, but was generally ascribed to the 
effects produced br a current of warn oir sippoxed tu move 
eastward from tho plains of the Columbia im this latitude, 

Aone of the three speech coritaitierl im the suet pero of 
irees pokeresse nov iiarked power of adaptation. The |Lynall 
larch is wholly deflelent in this respect. The whitebark pine 
ronks lightly higher, and the motntain hemlock sanmnewhat 
abuve the latter, na shown by its occurrence within tiduubted 
sUbh ini conditions in sone lociitios, as in the mbddle portion 
of the Desclintes basin in Oregon. In the Bitter Rootes we find 
the Loavall lnteh along the high eresta of the main minge from o 
point just north of Nez Merce pase to ancas. yet undetermined 
northern point. However, it does vot-go very far beyond the 
ridges which bound the north fork of Clearwater basin, It is 
found on both the enét and weet slopes of the range, extending 
thre tu four miles away from the eret on eithurside, The 
Reiter spur of the mnge preaenk one or two outlying small 
groves of the species on the divide between the Lochsn and 
Selwav forks, Its linkitats in the Bitter Root moge are absi- 
lutely eut off fron oll connection with others elsewhere by wip 
af low altitudes a hundred miles or more inowidth, which mow 
cannot possibly boepnnndéd hy the species. In these regions this 
larch is clearly approaching extinetion, [ts cone and seed pro- 
duction are extremely soanty. Lis growth is excessively slow. 
Most of the individuals which make up the stale are far ad: 
yanced inage, Seedlings orsaplings are rare and sentieral, No 
farther back than three centuries there nitst have been wbinecant 
str} produc Lieven, Met gt majority of Clie iitee pune uy iperu x Liauat bel y al 
this age ‘Three centuries hence the stands, if existing at all, 
will Khow grout diversity of age, unless the oong-bearing porivila 
run in cycles, lon intervals of burrenneds lettig Followed ley 
periods wf fortility. Whatever rotation may exist in this respect 
(and thitt dome dow occur aloite of no doubt) it operates only 
within narrow limits of time, producing what are enlled * off 
years," and dows not impress ileelf very strongly upon the stand 
of the species as a whole 
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Passing ta the white-bark pine, we find it extending over all 
the rides ail spura of the Bitter Roots having eluvutions above 
(000 fork Cn the north the range of the trey ie mtercepted! by 
the vallews of the Clark fork and the Bitter Hoot river. Oi the 
kouth it follows the crest of the ridges into the Rooky mountains. 
The spectes ls lneking in vigor and is not muilitalning its firmer 
Kintids, It ie a conspicuonely shy cone producer throughout all 
this region. The stuminate bloswatvne ir iniorite are borne in the 
erential profusion, tut the pistillate are very rare: bi conse- 
quence, but few cone are seen, and the aeollings, while oat 
wholly absent, are very sparse and scattered, 

The monntain hemlock occur on the ridges above 6,500 feet 
elevation throughout the centr] areas of the Bitter Root system. 
Itia cut aif on all side from connection with the spectes elue. 
where hy wire stretches where it is wholly lacking. Inthe north- 
ern portion Of its range iisvnabundant cove and seed produces, 
nid is maintaining the avermgee densities of tte stands, Ite south 
erm boundary io this region Hew alone the crest which separates 
the north acd middle forkeof Clearwater. Allaloany this south- 
ern eige it abuts upon the subhunmid tects which aprend wp 
wart along the-slopes of the low-lying valley of the middle or 
Lachaa fork of the Clearwater. <A bow ratio of cone pand-send- 
hearing capacity marks the southern: edge of its range, one jts 
eoediings are far fron sulicient incmimber to keep the stands at 
their tnaxinuo density. Throwshout the entire Hitter Heat 
resin the due lining vitulity (et the eyppches is indicated Li its 
eruall cones, whigh ton) avenge one-half of the normal size 
for the toes Figaro type of the spevies, The habit of the 
three stimmiit species is inimleal to survival under very great 
aitess of subhumicditw. Their place of growth is tivirlibly on 
druined slopes. If through adaptation they should acquire the 
power to grow fa wet or suturited soil, they would stand afar 
better ghanoee of survival but oo evidencew exists of anv such 
mel | foations, 

Below the summit group of trees are the species of the second 
group. Atnong these the western larch pimscsses the grentost 
power of adaptation, next the mountain white pine, then the 
Pacitie arborvite, and last the weiter hemlock. The western 
lareh 4 able to enikrive Kuli conmitions whieh, in: pela, 
inet borderon senienridity, Othe trees distinetly belonging 
to the hamid areos, it is the Lest to retreat befiire the advancing 
line of climatic siordtion, All these species aro at home in wet 
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orswampy localities, anc are therefore hotter fitted for a lengthy 
residtinece than would otherwise be the ene, Their northward 
range extends indefinitely to the limite where the mean temper- 
tibet ee hee lowe tor theirerowth, Thoirasiuth ward hovnd- 
ary in the Bitter Hoot region lites few niles north of a Hive 
drawn eet and west throuvh the qrest af the divide which sep- 
phites the Salon rivet from the Clearwater dealiage. Narth- 
meiwind they criss the Bilter Roots inte the ltookw: Monntain 
rinigos, Wille it the aorthiweet they exten! theotgh the mctui- 
laine betwee the Praser river and the Columbia inte the Cus 
cides, (wine te the etreumstiatoe airedy mentioned —dheat the 
Pies con oxiat nawanpy ground — they hed) (heir own agent: 
the sobhomttbencroaeh mint everywhere but along their south 
emoodee, Their retrent is here marked, exactly asin tho wnme 
of otier spwities, by deficient cone and seed prodiietion amd by 
the oceticrcnie of detweled bolles af the apaties alone the line 
of robreut, 

The thin! group of the humid series of trees conhwing spectes 
whode wlindabilitv to vorving altitode nel moisture vonditions 
is Of the highest “This towing te their capacity for mond ieriiye 
very diverse hinhitite. They are equally at loti on dry, well 
Himiied slopescor inowet places. witore thei root are continually 
Immersed iy cirowlating water, Amoqug the three, the lodgepole 
pine has the greatest endurance, and all appenrances indicate 
thatit te the species which eventually will supplant the other 
species in Lhe humid neghors. 

The Mipine fie rainges throughout the entire extent of tho 
Ritter Rect imotintains, and extend indelinitely north and sath, 
dant wand west, nloiy the crests of connecting ridwme [his a finte 
previ? af cones and seeds nrul ls pinltaliine tte stands in mast. 
Todnlitiek:  Tts arse pli ility i dilvetes subhunriid conditions bs 
four it the oeeurrones of lopre deforested truce ooucuried by 
the tree within compandively recent times, botwhieh now show 
nocviience of a return. toforet.cover, Such tractasre frequent 
everywhere throgheat its range ii these regions, Cenemlily thoy 
front on some broad valley, along whose slopes the sablimmid or 
sotndvari¢: changes are nilvancing inte the mountains, 

‘Tle Kogelioane sproce and the lodgepoly pine haves tni- 
verhal range throughout the tmonntaing Ta this region, Bot 
have decelnped forme to meet drier conditions. Engelmann 
Sprice never reaches its gromtest derelopment oxcoptin swarpr 
locilities, whete it crows to boa larwe, well-formed tree, On dev 
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ridwes it existe naa senall. knotty, branchy. ctderixed tree. The 
Jodgepole pine follows the sami general role: The reproduction 
of theen two spoctos is excellent.and they are constantly oconpy 
ing new groan to theexelusion of the other species. 

The forest fires which tavage the mountains show how closely 
balanced! are the majority of the humid species nod) how lina 
holed they posivet on exietenie alone tlie Front fre af the eyrened- 
ing snbhuniddity, Ito faot patent to every one who studies 
the after-effeot of a forest fire in this rein thatthe in¢rewsed 
evapemmtion fran the denudel surlees cnnses jolense soil qridite. 
This condition t mot alike in oll place Some localities, by 
fimadn Of loon] opegraphy or expose, suiler nore soverddy 
thanothers, There are thus on seoth=-facing hillsides, near the 
infer halleys, nmerons pecsow here centuries ago tlie sabalpine 
forest wus cleatroved by fire, and arid conditions eet in to the 
extont of absolutely preventing reforestation to this day; but 
itv the majority of chee the firsl burhing of the fivrest deateny 
only ithe more teoder species and fivers the growth ol thine 
which possess greater power of adaptability. This in the humid 
thea mine a prepouderuice af the lodvepele plow, bees of 
its wide limit of tolerines to different clinatie oondilians, Fires 
i the humid growths hard! > ever deatroy the forest completely 
over any very large area, Srowll patehe: are left untouched, 
though surrounded br wide lanes of bored forest, The erowth 
of lokgepole pine which comes inafter the fires, because better 
fitted! thanany othor species to oodure soll aridity, follows the 
denuded areas atid often covers them with dense stands In so 
doing it cute off these slices of unburned foredt from all ehariee 
of regaining their forrnir commotion with the malts cel ye of their 
own type ol growth, and gives rae to conitlons whieh are see 
orbit anilowous to those i thesemi-arid belts, where adeforetel 
areas, Supporting types of vegetation peculivr to arid regions, 
separate the outlying proves of forest 

It is not alone i ihe region of the Columbia river wateretied 
that.the incronsing climatic aridity 1s modifying or disturbing 
the forest typosand theirancient balance. Thesamephenonreia 
are repested in California,wed are doultlees general throughout 
the Rocky mountains ani the areas collectively termed “ The 
Pacific Const.” A notsplotons example ocemr in southern Csli- 
fornin, in the belmvlior af tha lig cone fir, Pen rlobenepa MUTEPORHET DHE, 
and the redwood, Seqveta aenpercicna The big cone fir isin 
common species on the slopes of the mountain ranges in anti: 
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em California. On the west slogies of the San Bernardino 
and San Jiectnte ranges, ite inain body of growth is above the 
4.000-foet contour line, Below this the tree thins out rapidly, 
and at elevations. of 3,000 feet proctically comes. In the San 
Gabriel mountains it begins to grow at elevations of 1,00)0 feet 
above sulovel; at 3000 foet it forme very numerous groves 
in the maidat of the chaparral. Now, there are the clewrest evi- 
flenues that net yery far hack in time a early uniform forest of 
this apicies covercd many of the slopes of the San Gabriel moun- 
tains between the 2000 fest and 3.000 feet oontour levela, The 
numerous single trees and old stumps iu the chaparril are the 
reninints of this growth Morvover, when the big cone fir is 
buried out'on the slopes below the 400-foet level, neither it 
Hor wny other species of conifers ceforest thedenuded arens, show- 
ing that conditions exist whieh ure inimical to forest growth. 

In the San Bernardino and San Jacinto ranges the lower edge nf 
the bis cune fir forest is tolorably compact and well defined. The 
outlying patches ithe slopes that ane sees so frequently in the 
San Galsriel are lacking. The extensions ftym theinain hunle of 
wrowhli are snbvavnge the eteedine and gorges where abundant mioist- 
unexisie The San Hernnrdine and San Jaciito mitintiins ute 
further front the oawin than the Sain Chilitiel: lonee for same 
elovatidiia they do net reielve eo heave prediprtvtion, an have 
[i doi mequence a higher Tint for the lower edge of the punge of 
the big cone fir: ‘The San Gabriel mountains, boing nearer thie 
Hcenn, receive m@ greater precipitation ; hence have an ulterior 
limit for the inferior edge of the big cone fir ata considerbly 
lower clevyation than the other tive riages ; but the lack of re 
forestution ot areus where the growth is destroyed! und the many 
detiched patches below the main body of growth prove that 
the species is tebrentioy toward resjonsof greater humility. As 
the proce ta aided and accelerated by forest fires of ninlern 
late, another geueration will not puss before the lower limit for 
the growth of the tree in the Sao Gabriel) maguutanis will bacat 
qjitite we high altitude as itis in the San Bernardino and San 
Javint® rongs, [ncomparison with the allied northern Panu 

dabwcge mucronata, of red fr, the species is mere dotinite in cone 
pe senael prodoutiot, 

The redwond js-a treo of extrome suseeptlbility to tem permture 
and homiditv conditions, vnd appirently posdesset a very low 
ritin of alaptahility, It ranges along the California coast froin Las 
Angeles inlanity to thie: Horthern boundary of the state ind across 
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Is THREATENED) AREDITY ON THR PACIFIC SLOPE 


Into Oregon, At ith oxtrend southern end it i represented ly 


Aminll seuttered groupe of trees—a low hunired individuals only 


are neyhrtini—and o jong gop iitervenes before ite Aplin rinde 
further north, The heaviest stanils of the apoches are fowned in 
Mondocino and Hanitoliit counties, In California: Te thine out 
towanl the Cireeciti: i ry tied finally disap pars a few wiles north 
af the bevuinidary, The tiearthiowiared ox teneort of the mya bees is 
eviilently lisnituad hv a He arte Penn pertine lower than its 
ultimate point of ondaniice Souther extuiiine ate 1 pve 
Sible wwii to an insafieieney of rainfall fie that eesetion af Cal- 
Hurtin, wil ts spread inte the intector, away fem the peesxtaiity 
ofthe aconn, it precluded liv dilverse conditions of Lath Lena per- 
atore ail homidiw. The reproduetion of thie ajicdem Th amid to 
te very low, Cuboverarent show no ovidinoes Of peforestition 
Wilh the sume spevies. “Thins homme! i be intiiesl climatic 
conditions andl unable to maintain it stands, its extinetion sem» 
Aastted pt te very remote period, 


SUM AWAY 


The salient points trought ont fw study af the furist moni. 
Hone in these regions, so farce they relate to the effects of climatic 
aridtiie, can be ¢tated moncisely as follwe: 

The arm, non-tipested jilaisin regions of easter Oregon violit 
sii fil remade of wrlirescant veemlation ifentioal or Fieri he sen 
With exinting spieiioe on Hint ates, proving the Miglin’ uf 
forest. gro Wiki on these tralerloss lands ate very Aitoebe prerbinel. 

The firsts on tho symi-nrid tracts, slilioteh consisting of 
specie Capible of enduring dry elinmtic eunditions, sluw everv- 
whore a periatent id grudlunl dwindling in extent ais dousiiy, 
Their-stands, consisting mustiy of ald trees, show a cons piowousa 
deficioney in seed production, an enermons percentage of the 
ovoles aborting, and o notable scarcity of seedlings, (When, 
from any enuse,a tract of the old stands ia dleforesiod, reforestas 
tinn doce net oovtr, asa rule; thie results in the formation 
of detached growed and individuals whore reprodictive powers 
bevome even more limited nad weakened ane the extinetion of 
which ie merely a matter depending on the nae limit of the in- 
dividual trows. | | 

In the subhtionid forest thery is a slow and apparently mef- 
fectunl acduptative evolution of sihialler forme of the various 
species tu repli the larger ones, Which require more niditure 
for their growth, There is also a comspiangus shortage of oone 
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anid seed production iu the group of trees Which farm the wpper 
dubhumid types, vnd fo piashing of the lowor sulliniaiid typos 
Which grow ti drier atmospheric nod soil conditions into the 
arene Of Lhe upper types.and freyuently a complete nnd porn 
nent replacement of the upper eobhieid types with these le- 
longing to the lower groupe when sivh oppor types hace been 
destroved by fire or other menne 

lithe homid forest are fund) the sune phenome as noted 
for the subliunil tracts, with areas in thieupper humid bolts, 
where certain spares occupy tracts separated lv long dietances 
(soetiines a lyundrecd miles or more) from the next wppenrance 
of the species clewhore, These intervals, whieli lrentke Ue con- 
tinuditv of the range of siwh specie. are heli to thdicite more 
humic condition in the part favormy extensions werd thee 
gape. which ore new precladed and cot off lv adverse clinintic 
Changes in the direction of aridity. 


PROFESSOR ©. C. MARSH 


Othniel Charkes Marsh, 10), Pi), Profeseor of Paleantalogy 
in Yale University, Vertebrate Mnleontalogiat of the U.S: Gealog- 
ical Survey, anda memherof the National tioogrmplie Sociwty, 
diel in New Haren, Connecticut, March 18,18), bis death 
reneyesd an tininent contributor to Amerioan ecienien. 

Hort in Lockprert, New York, Getober 24, 1831, Manel gree up 
an athlete and sportsman, rather then student, antl his ahserrn- 
tithe on nature ditected his attention to the natural seienees, 
In 1852 he weot to the PlillipsRxeter acwlemy at Anilover, 
whence ho grudunted aa the valedintorian of hie clase, [i TS50 
he mritrictlatel at Yale. gruloiting with honor in S00, Sub- 
seqtentiy he retained aloe Gonetat connection with his abo 
mater, bo whose prestige he contributet much, the longest inte 
ruption cecurrine in the early sixties when he was engazed 
special ayork in Fnrepenn universities, fn 1866 he was, made 
Professor of Paleantology. a position retained wnottl hie death, 
The nephew and heir of George Peabody, be aas the posseavot 
of mens enabling him toexeroive his nto individuality freely 
int tlie proseeition of kelentific researches. His best-known work 
wae that of explorer in the western territories ail eollectur of 
yertelmte fossile by which the museum of Yale and U.S. Na- 
fionsdl Mimi Were duriched; vot his mest endaring monument 
takes the fori of original contributions to vertebrate paleon 
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tology. His researches were conducted with remarkable vigor, 
notable aoninen, and exceptionally clear recognition of the priv 
ciplee of biology, To the genera) surveyor of thedield of organic 
life, past and present, seyerat of Professor Marsh's contributions: 
seetn to be oof the threat macnitacde: The modern method of seek- 
ing aul quarrying for complete skelitots to be ited as material 
for vtuly, in liew Of resting content with fragments, waa larpely 
dive to bis liroid views aod pertinacious industry, and his lil- 
eral expmniditdre of private soeane; yourtly by rendon af this 
niethuil, he was able tu classify extinet forms, nil trees their 
relations to living orgenisios in o «uaperiir moanther; while hin 
hiprived mothe in Geld aid laboratory enabled hiin lo give 
noprecodeted vitality and living interest 10 the anituals of ages 
post anil Uhe life history of the earth primeval. Anon his 
special contributions, the tractog of the phylogeny of the horse 
attracts! worldwide attention, while his development of the 
principle of cophaliaation is of exceeding service to biologists 
and anthropolagivta, as wall as to apecialists iti hip own domain. 
During the Instdecude lw turned ateation to goolage, nud bis 
resewrhis in the Athintic Constal plain lave ressived much 
attention and vielded) results of permanent valte 

Professor Miorsii's ecientifie work bronght remkrnitlon from 
various listititiona He held honorary connection with several 
European acndenies of science, and waa the recipient of the Cre 
vier prize of the Institute of Frined wood of the Bigaly modal of 
the Geoinginal Society of Landon; hewar Presidentof the Acier- 
ican Associntion for the Advancement of Science in TS7R, and 
President of the National Academy of Sciences for twelve years, 
1883-1805, A hachelor and the last of his line, he hequeathel 
practically the whale of hte considerable property te Yale Uni- 
versity. WaM. 


lH AREA OF THE PHILIPPINES 


Tha Pevehh comnrurrieation te tha Ginrraphical Saulety of the 
Pacitic, of whieh he is President, Prof. Guorge Davidson writes 
as follows: | 


Tiesevernd governitent dovaments the statement te made that the ura 
af the Philipyiine illaade je secret ba Ley over 114,000 amare milea In the 
lutea one just recived It in given me Lid Thiserror line donbtless 
arisen froma horriel examination of the Spanish dicomenta We fini 
in the **ehita (ictal dee lee Telne Filipinas, prora TS; Pobt toad per lit 

Secreticia del Golderno Cenwen);) Manila, 1808," the statetiint Chiat tue 








THE RPRCENT ASCENT OF JPAMAPR Dect 


archipelago comprised in area of R000 eyes keiloniwtors, without in- 
“oiling the Jolw (Sula) gromp. It thon epecites about thirty af the prin 
cipal shel, and their arene mcrite 25,455 eqn kilometers. “That, 
of dottree, lonwesn multitude of the smmiter islands pot epiercl then leg thee 
vide, bot coverqd by ithe larger aren, Ae the ntimber of ayuare kilo 
eaeeters eousalitt pl ed lay PH wll give thie rtimber of siyriitte tides, the 
ana of the ishinds specifies) amouinke bo LO Ss pin oillind, vite the ar 
of all the-ishonie, lem the Jolo grogp, ammaunte to WIT ee eiypanrer evils 
Further, thy statment is getierally male that the Arclipelage of the 
Miilijipites contain foo 1000 to 220M) tla, ahd the“ Guia Ofheial * 
anve the numberis more thaw fM).  Bat in umining the.\* Derrotero 
del Archiplelago PFUlipliygs, Muli, resue' chet be, the Cyne Filed of (Tee 
Philipyiies, covering tiene than 120) ppowse—we find ‘that the Lehin, 


Ll dda, ‘DHledne, Llib, Lelint i Thaw, and Fara lone therein dea Tikneel rot 


Loos Of outed, this doe nut invlode reeds, rocks, or dibddben datpers, 
Penbruit that they fignne of the arnps-and of the number of islands aid 
bolbrts Ror acacirpetaeel apt restated bey pov ertnett Hrs ye 


THE RECENT ASCENT OF ITAMBE 


lu hiedecter referring to ie scent of Tintile. Lieutenant Shi [- 
ton stites (thie nmigorine, Nevenaher, 1308, pp. 470) that “we wre 
supped to have lean the first men ever on the summit of this 
peek” Itambe wae ascended and measured by Spix and Mar: 
tine iW ISIS. Those aithoresar of it: “The pats of Ttambé, 
the Highe=t one seconded aoc mensurod by ts ial our travels 
throughs Brazil, has an elevation af 50) arian feet" * This 
Hew rnent wae nile with) a mercurial Larirter, anid oo far 
as l know, tt hae never heen repented, 

The facet that Ltainibé hes not betnaseemded Bebe to ite bestia 
joy ot thetdahy jroprileitend, toitmvoled counters, rather than to any 
partienlar difficulty in getting up the peak itself. 1b dominates 
wines the entire Timmond district of Minws, and fi roe own 
travels threugh that rgion [ wae constantly reminded of what 
Dir Sontossayve—that this peok served the old gold wud dliamend 
hunters imetead of a compass, for they unver got lost se long os 
it was in sight, “Tt wae a gmnite light-house to travelem—ithe 
conter of a cirele, seventy leases in dinmeter, in which they 
could revolve without four of getting tne"! 

CAS ER. 

Miteetwercl f vnatermliy. 


Heise iy Mpoellbiw weet Cee, i wo Bpie eel Lie PP, wom Martian, i), oe, Mile 
chen, Ta; alee Weittige wan Ciehirgekiinde bitmeiiene wom WL. don Best weg i, 
berlin, ‘cake, | 

4 Marjerrina ile feeirlete Erlantaimd lia, pret, PF abiee Ratiters, fa, @, [le de Detteriem, bene 
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MISCELLANEA 


The total imparts of the Farin hide sioonted i IM to S418 00 
wind the bob) exports te S26, 768 The shaneof the (United Stave wae 
but $80.04 io the imports and 20000 inp thee en peyrta, 


The government of Haiti lin tpored aaurplie tox of So per cent on: 
all importations, in effet fri March Pa, PRGA The perce are fo liar 
applied to the withdrwal of the paper money now by dieduilablin 


The Augtrinn Liisi lave recently eotaldiched a dine serv lie between 
Trieste aml Caleutti  Avmtriit is beenindiig an imigeertiant fietor iu’ tle 
nivalew of the grater Hoa pean power for the markete of the for. loaf, 


The Slogden tunnel, wher eoinploted will be 21280 yada bong. Tt 
wil) contain only a einele track, bot a secon) tonne! ie to be conenractesd 
parcel to Ht, atalistine of i yanks The northern entrance te thie tan 
nel belt a lle did ef fir ee eh at ie at in elevation of 
2.200 foot. The exit oo te Thallan eile will te Si) yards fron: Lelia. 


To phevint theeatineiion of tnilia-enhiber teins lh the Cot Pree State, 
the goverment bas dermal that for every tem of rabber viele annially 
there exist be plantend at deme tha EO trees "Thue Iw whitch prolalliits 
withing robber eacopt throigh ine ieiorne in the Prk is bo bee ricer tribe 
enforced, and) violations will be puntilird ta fine ap te E000, or by 
Lit prieennnent. 


An English syndicate haebegnn the onieteuction of ailditinnal quays 
dd thogmeloes at Geno. In i se7, SO tone of tertile prised 
thirmogh the wares of Wile port amd it ie paleulated that with the. 
correpibetiiett of the Stmplon taiiel and Wee coseyient tnpereenictt it 
railway eomminicntion, Hionminnl bovine willl rise de thet ne FOC 
Geneon will then be the meet moportaat portof the Mediterqinedn, 


Th a recent hight ti thie Depurtinent uf State, Mr Tita E Mioer, 0. = 
Commercial Agent-at Weimar, gives some waluntele atatietioe nnearning 
tlie bral aaeie cof temple aril thie detour ert! porypiiptaul lie Eas Goermanity. ‘The rap 
lliv Lietimelug population hae tassel a cormespeneling Lincreneer fir tlhe 
linporte of provisions and raw oatonala, the home prodncte not being 
euifiient to eet bine denide The pugitiintion of the Gorn Crm 
boiie Cale hae riser fea SO) fe St OOO Tide 1, 
PSU4, na tere of 37K eT rer merrie within fire pears Wi ter wet lige 
ef imports hue Licresmed by SL per cent, ind that of exporie bie 22 per 
cent With the inreise of popoiition lime allen coun & Very appArent 
expansion of the predinttee mipentity af tlhe Hintientheturing Freed inst: rhien. 
Thin te pecially well ehiowe by the steady cnlpititsteniniinginas, The 
titel horse: power of the shonto-ongines Leal, in RRS woe 1080, G0, whi tle, 
in LGR the tote wae AASIKWh Tie tet Wanifheant lgtiees, lhoweerr, 
are Ujose fof thie tomar figetiem cof wteil bietemty entiggltves airings: {lear lek thrice 
years, Tr 18) the total hone power wae Sieh; in TE, Say Hi; 
dn (#08, 047,00), Ager (tre chew tyre aie rueereegs bd Fries i berarwelyppie 
ment, as the lhintte of the gruln-grevling ire ci bie extoniled tat lowly. 
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CHESAPEAKE & OHIO RY. 


‘ pre Fo PF VL LEMITED bs ctie al the Diesel thoime Hailed over any tillwar tock in Anietics. Ol rune 

moth tetwern Caen aad Sew Vor’, the ronnie from Werehinghin tee orer tite hernia] bake 
ereiet ft het ene tiedearn fun Pcie ail eppliane, and the wig ertice le he eupereei 
hoe em eget “Ph peed ed de lidetelly heeresd ott of Mee eternil pairks: ft jo flied lth Slower 
from ome eid te dhe other: the greater porthon bi ald with ope4rombred-poonil epee! pelle, ool eli bough 
corres are Wwnerows In be totiin ection the tide be ee etooth we orer a Wealer pruirie: 

Coe of the ceo delipbiful cides bie el) the foute fe thet Uiteugh the Mew Bier? valley, The 
reenter fost leew emenig hh to be hed wht penhire to fee tery. bap, and te the carly sprite every 
wativiy of green emer te tee leer of color can be seen, while the tones in antume take on all the 
rmng@e from bea bi eeorlet 

Teese fecis shield be herge ie plac by the tieelier beleced Lhe Hoel wel the Wee 


H. W. FULLER, Gen/. Poss, Agent, Weahington, D.C 


LIFOR 


‘Ol course you expect to go there this spring. Let 
ine whisper something in your'ear. Be sure that 
the return portion of your tickel reads via the . . 


Northern Pacttic-Shasta Route. 


Then you will see the grandest touttain scenery in 

the United States, including Plt. Hood and [1t. Rainier, 

each more than wyooo feet high, Mt. St. Helens, 

“lt, Adams, anid others, You will also be privileged : 

to minke side tips lito the Kootenai Country, where 4 

sich woudertul new gaold-diseoveries have been made, 4 
i 








atul to Yellowstone Park, the wonderlam! not only of 
the United States, but of the World. Park Se0son 
begins Jume isteach vear. Close railroad connections 
ide in Umion Station, Portland, for Puget Sotnd 
elties aid the east, via Northern Pacific. 


Genera! Passenger Agent, St Paul, Minn 
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SOUTHERN RAILWAY 


GREATEST SOUTHERN SYSTEM. 
Penetrates with its main line of branches eicht States 
Sth Of the Ohio nod Mississipp! Kivers, ail in com- 
Junction with lts friendly allied connections reaches all 
the commercini centers of the South and Southwest... . 


DOUBLE DAILY VESTIBULED LIMITED TRAINS 
ae « BETWEEN . « 4 
Wiehington, Memplis anid Nashville vin Salisbury, Asheville, Kinax- 
Ville and Chatthunooga, 

Wishiticgton nid Tampa vin Columbia, Savannah and Jacksonville. 

Washington and Memphis vin Atlanta, Birmingham and A.C. M.& BB. 

Wishington and New Orleans via Atlanta, Montgomery and Mobile. 

Sorrolk and Chattandoora vin Salishiury, Asheville mma Kuoxville, 
Tillman Sleeping Carse—Dining Cars—Day Coaches. 
Adidthonal Trains for local travelers... . - 5 

The direct line to the ;f PLORIDA, GULF COAST and TEXAS, 
Winter Resorts of | . « « « MEXICO and CALIFORMSIA, 

——hO THE SEET 
h Cor Cine te and from Asheville and Hot Springe— The Lond of the Shy. 
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Write for Vwiap Folders. 

A. 3, THWHATT, Mastery Pescager Agent, et Broadway, New York, &. ¥. 
).. HORTON, Passenger Ageht, ac 2 Aaltimore Street, Baltimore, Mil 
Le DROWN. General Agent, 7s Fifteenth &t. 6. W,, Washington, 1, C 
Wo BOLL, Sassenger Agent, Nuriolk, Ue 

. 4H HARDWICK, Anetstant fieneral Possenger Agent, Ailania, Gao 

= A: RE NSCOR. Assisiani General Passtuger Agent, Chaitangoga, Teun 

. IL TAYLOK, Assiutani fiecero) Passengers Agent, louisville, Ky. 

J, M, COLP, Trafic Manager. W. A. TURE. Generel Peeernger Ages 


OF NEW YORK, 
RICHARD A. McCURDY, President, 
Is the Largest Insurance Company in the World. 





The Records of the Insurance Department of the State of New 
York SHOW THAT The Mutual Life 
Has a Larger Premium Income -_ - - ($39,000,000) 
More Insurance in Force - : : . ($918,000,000) 
A Greater Amount of Assets - - - - (235,000,000) 
A Larger Annual Interest Income ($9.000.000) 
Writes More New Business - - - (£136,000,000) 
And Pays More to Policy-holders ($20,000,000 in 1896) 
THAN ANY OTHER COMPANY, 


It has paid to Policy-holders since | | a. 
its organization, in 1843, a - $497,000,195,29 


ROBERT A. GRANNISS. Vioe-Piesident. 


WALTER BR. GILLETTE, General Manager FREDERIC CROMWELL, Treasurer. 
ISAAC F, LLOYD, Setand Vice. Preaddent. EMORY McCLINTOCK, Actuary 
WILLIAM |]. EASTON, Secretary. 


NATIONAL GEOGRAPHIC MAGAZINE 





es" MINNEAPOLIS 
CHIGAGO on ST, LOUIS 


Ripans Tabulesa cure headache. 











The Fastest and Finest Train in the West, . 


} mre The ne Overland Limited 


~ UTAH az CALIFORNIA. 


FROM 16 TO 20 HOURS 
SAVED BY USING 


“THE OVERLAND ROUTE.” 


Double Drawing-Room Pullman Sleepers. 
Free Reclining Chair Cars. 

Pullman Dining Cars. 

Buffet Smoking and Library Cars, 





Send for Descriptive Pamphlet "#2-26,' E. L. LOMAS, 
Folders and other Advertising Matter Genera! Passenger and Teter Agent, 
hiention this publication.) OMAHA, NEB. 


NATIONALE AONE GROG HA PHIC MAGAZINE 


THE CHICAGO, MILWAUKEE AND ST. PAUL RAILWAY 


-_ = RUN Ss = 
Electric Lighted and Steam Heated Vestibuled Trains between Chicago, Mil- 
waukee, St. Paul and Minneapolis dnily. 
Through Parlor Cars on day trains between Chicago, St. Paul and Minneapolis, 


Electric Lighted ond Steam Heated Vestibuled Trains between Chicago and 
Omaha and Sioux City daily. 


Through sleeping Cars, Pree Reclining Chair Cara and Comches between Chicago 
and Kansas City, Mo. 








Qoly two hours froin Chicago to Milwankee. Seven fost trains each way, daily, 
with Parlor Car Service, 


Sid trains between Chicago and principe) porta in Northern Wisconsin anil 
the Peninsula of Michigan. 


Through Traine with Pulace Sleeping Cars, Free Reclining Chair Cars anil Couches 
le lweer Chicago atl poiuts in lows, Minnesota, Southern and Central Ookots. 


The finest Dining Cars in the World. 
The best Sleeping Cars. Electric Reading lamps in Bertha. 


The het and latest type of private Compartment Cars, Free Reclining Chale 
Core, and buffet Library Smoking Cars. 


Everything First-class. First-class Peepit patroutse First-class: Lines. 
Ticket Agents everywhere ecll tickets over the Chicego, Milwauker and St Paul Ry. 


geo. H. HEAFPPORD, 
Genera! Passenger Agent, Chicaga, fl. 





WHENEVER YOU VISIT WASHINGTON 
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“+ MMMMOTH ORY GOODS ESTUSHMENT. “ 
rnd 
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= WooDW. ARD & LOTHROP & 


neaneeeseeeceeeseoooosseees. 


Where the LATEST PARIS NOVELTIES ire siwava on Exhibition, 
The ottention of those who unticipate purchasing : 


BRIDAL TROUSSEAUX 


Ie invited caper niy io extreme Fagis NOVELTIES in matched sete 
Of French Gandanade Lingerie, incliding Gowns, Siitts;, Chemlnng, 
Drawers, Corset Covers, 7 These cin te ean im ati mtnlier 
of pieces desired, 


HANDMADE FRIDAL TROVSSE ALIX, personally $ 2, 
netected in Faria anc exutiusive in stele anu 7 O to) 50. 
tesign: Three or more pieces 


CORRESPONDENCE SOLICITED, MAIL ORDERS RECEIVE PROMPT AND CAREFUL ATTENTION 


TENTH, ELEVENTH, AND P STREETS WN. W. . . . . WASHINGTON, D. ¢, 
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Shortest Line 
St. Paul and Minneapolis 


and the Northwest 


GHICAGO 
. GREAT 
‘tw WESTERN 
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li ally ill, 


RAILWAY 


Far tieeets, roles of any detolled Information app 
Ti FHF Tie Acetil oF frie fH 
F. HW. LORD, 


Qen') Pona'r and Ticket Agent. 
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A VITAL POINT —_= 
ETT mean ij A TYPEWRITER'S 
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PEVFELCT EXECUTION. 





| Che Smith.. 
Premier 
Cypewriters 


Sunerior on This Point as Well as on All Others, 












The Smith Premier Typewriter Co., 
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Catalogues and Information at Washington Office, No. 619 Eleventh Street. 
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THE AMERICAN ANTHROPOLOGIST. 





The only American magazine devote to the science of Anthropology in 
all its tranches is THe AmmeicAn AsTirkoriLocist, published at the 
National Capital, ‘This journal is now in jits feeds year of increasing 
usefulness. 

No ria enna ite ever published on the Western continent i such a 
storehouse af authentic imfonmation concerning ARCHEOLOGY, BTHNOL- 
ocy, Foie-Lore, Tecusonocy, Socjo.ocy, History, SowaTolooy, 
Psvcnondcy, Purosoray, and Purmorocy. — [ts contributions to our 
knowlege of these subjects, especially in so far as they relate to the 
American Indians, past and present, are of world-wide authority. Its 
contributors are America’s foremost scholars, 

is your name on the subscription list of the AxTHROoPoLocisT? H 
not, it should be. Noone interested in anthropology in any of tts branches 
can afford to be without. it, Swdéseriiy fodey, A. new volume begins with 
the January titumber. 
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